INTRODUCTION
The objective of this project is to provide DHS a comprehensive evaluation of the current genomic technologies including genotyping, Taqman PCR, multiple locus variable tandem repeat analysis (MLVA), microarray and high-throughput DNA sequencing in the analysis of biothreat agents from complex environmental samples. Taqman assays were designed to detect the canonical SNPs to discriminate different strains of Bacillus anthracis. The assays were run to test purified DNA from several strains of B. anthracis and BioWatch aerosol filter extracts and soil samples that were spiked with B. anthracis. The assays were very sensitive. We were able to detect signatures specific to B. anthracis Ames at the 10-100 genome copy level after spiking B. anthracis Ames DNA into BioWatch aerosol filter extracts 100-1000 when spiked into soil samples.
METHODS

Canonical SNP Taqman assay design
We designed 13 B. anthracis canonical SNP Taqman assays to detect various strains of B. anthracis. The canonical SNPs were designed based on the phylogenetic analysis conducted by Van Ert et al. (1) (Figure 1 ). A total of 13 branch points were identified for strain level detection of B. anthracis strains. Two probes were designed for each SNP, one allele labeled with FAM dye and the other allele was labeled with VIC dye. The Taqman primer and probes were ordered through Applied Biosystems Inc (ABI). The canonical SNP assay ID, their corresponding branch points and the Ame and Sterne genome locations are listed in Table 1 . The primer and probe sequences are listed in Table 2 . 2. DNA Extraction from pure bacteria and environmental samples 2.1 DNA extraction from BioWatch Filters PSU filters from the NCR Laboratory were received from the BioWatch group at LLNL. One quarter of each filter had previously been excised at NCR, so only ¾ of each filter was available. One week of filters was collected from each season: Spring (4/20-4/26/09), Summer (7/19-7/25/09), Fall (10/25-10/31/09), and Winter (1/22/09-1/28/09). For each day, 7-11 "clean" filters were extracted (49-77 per week). Filters were determined to be "dirty" if they had an abundance of soot and dirt captured on their surface.
The ¾ PSU filters were cut into 5 roughly equal pieces using sterile equipment. Up to 24 filters were placed into a 50mL conical tube. 30mL of 100mM phosphate buffer (pH 7.4), 0.05% (v/v) Tween 80 was added to each 50mL tube. The conical tubes were vortexed for 30 seconds and placed on a rocking shaker for 15 minutes. The 30 second vortexing and 15 min shaking was repeated an additional 3 times for a total of 1 hour of washing. The filters were removed from the tube and remaining solution was centrifuged at 3200 x g for 30 minutes at 5 o C. Following centrifugation, the supernatant was removed and discarded.
To complete the DNA purification, components of the UltraClean Soil DNA Isolation Kit #12800 from MoBio (Carlsbad, CA) were utilized. The remaining pellet was resuspended with the following solutions added in this order: 100µL TE buffer, 350µL MoBio Bead Solution, 60µL MoBio Solution S1, and 200µL MoBio Inhibitor Removal Solution. A 2mL screw cap tube was loaded with 500mg each of 106 and 500mm zirconia/silica beads. The entire 700µL of resuspended pellet was added to the 2mL bead tube. The samples were bead-beated at max speed for 2 minutes. Following bead-beating, the tubes were centrifuged at 10,000 x g for 30 seconds. The entire supernatant (~450µL) was transferred to a sterile 2mL tube for further extraction.
To the supernatant, 250µL of MoBio Solution S2 was added, vortexed for 5 seconds, and incubated at 4 o C for 5 minutes. Following incubation the samples were centrifuged for 1 minute at 10,000 x g and the supernatant transferred to a clean 2mL tube. 2 volumes (~1.3mL) of MoBio Solution S3 was added to the supernatant and vortexed for 5 seconds. The vortexed solution was added in 700µL aliquots, until the entire sample is processed, to a MoBio spin filter and centrifuged for 1 minute at 10,000 x g and the flow-through discarded. The spin filter was washed 3 times by adding 300µL MoBio Solution S4, centrifuged for 30 seconds at 10,000 x g, and the flow-through discarded.
The spin filter was centrifuged an additional 1 minute at 10,000 x g to dry the filter. The filter was placed in a new 2mL collection tube and 50µL of MoBio Solution S5 was added to the membrane. The sample was centrifuged at 10,000 x g for 30 seconds and the eluted DNA was retained. The multiple elutions for each season were combined into one large volume. Samples were speed-vacced to ~50% of the starting volume in order to increase the DNA concentration. DNA concentration was determined by the Invitrogen Qubit fluorometer (Carlsbad, CA).
DNA Extraction from Soil
Soil was collected in the downtown areas of both Oakland, CA and San Francisco, CA. Four samples were collected in each city at various sites. Samples were extracted using the MoBio UltraClean Soil DNA Isolation Kit #12800. The manufacturer's Alternative Protocol (For Maximum Yields) was followed for this work. The only deviation from the protocol was to wash twice (Step 15) with Solution S4 instead of just once as the protocol stated.
Following extraction, 1ng of each extracted DNA was used in a Real-Time PCR assay to test for inhibition. All samples showed a high level of inhibition of PCR. Based on this each extracted DNA was re-extracted starting from Step 12 of the MoBio Alternative Protocol. This additional extraction is intended to remove additional humic acid. DNA concentration was determined by the Invitrogen Qubit fluorometer.
Bacillus anthracis
Ames DNA spiked in environmental samples B. anthracis Ames DNA was acquired from the select agent laboratory within LLNL. Sterility test was performed to ensure the DNA is sterile before the DNA was transferred to our laboratory. DNA was quantified using the Invitrogen Qubit fluorometer and copy number was determined. Six concentrations of B. anthracis Ames DNA were made in 10 fold serial dilutions from 1-100,000 copies. Each concentration was mixed with 100 pg of extracted DNA from the Spring NCR filters for the aerosol spike experiments or 1 ng extracted DNA from the combination of soil from Oakland and San Francisco for the soil spike experiments.
SNP assay protocol
The SNP Taqman assays were carried out in 10 µL reactions. Each reaction consisted of 2X Taqman ABI Universal PCR Master Mix (#4304437), 40X Assay (ABI Custom Taqman SNP Genotyping Assay), and PCR grade water. All reactions were run on an ABI 7900 HT Fast Real-Time PCR System with the following parameters: 1 cycle of 50°C for 2 min, 1 cycle of 95°C for 10 min, 40 cycles of 95°C for 15 sec and 60°C* for 1 min (*Assay #1 only has an annealing temperature of 63°C).
RESULTS
Canonical SNP assays with pure Bacillus anthracis DNA
We isolated genomic DNAs from B. anthracis Ames, Sterne and A0382. The DNAs were tested in 2 replicates with the canonical SNP assays. The data is shown in Table 3 . Ames is mostly reactive to CanSNPs 1-5 (with signal from the VIC dye) as expected because these five canonical SNPs correspond to the branches with phylogenetic lineages closely related to Ames. Canonical SNP1 is specific to Ames strain. The Stern strain is mostly reactive to CanSNPs 2-5, also as expected since CanSNP1 is specific to Ames, while CanSNPs 2-5 correspond to the phylogenetic lineages of the Sterne strain. The A0382 strain has not been sequenced. It is reactive to CanSNP 10 and 11, suggesting that it is closely related to the Kruger strain. 
Determination of the limit of detection of the Canonical SNP assays using B. anthracis
Ames spiked into BioWatch aerosol samples. We performed limit of detection testing of the canonical SNP assays using serially diluted B. anthracis Ames spiked into 100 pg of DNA from BioWatch aerosol filter extracts. Duplicate experiments were run to ensure repeatability and data consistency. 1, 10, 100, 1,000, 10,000, and 100,000 copies of B. anthracis Ames were tested. Table 4 below shows results of the Taqman SNP assays at each of the B. anthracis DNA concentrations. When 10 copies of B. anthracis DNA were spiked into the aerosol sample, numerous canonical SNP assays were undetermined. This experiment suggested that our detection limit for B. anthracis Ames could be in the range between 10-100 copies when the DNA was spiked into 100 pg of the aerosol DNA sample. 3. Determination of the limit of detection of the Canonical SNP assays using B. anthracis Ames spiked into soil samples. We performed a similar limit of detection test of the SNP assays using serially diluted B. anthracis Ames spiked into 1 ng of DNA from soil extracts. The soils were collected locally in San Francisco and Oakland. Six different DNA concentration levels of B. anthracis Ames were tested, from 1 copy to 100,000 copies. Table 5 below shows results of the SNP assays at each of the B. anthracis DNA concentration. When 100 copies of B. anthracis DNA were spiked into the soil sample numerous SNP assays were undetermined. This experiment suggested that our detection limit for B. anthracis Ames could be in the range between 100-1000 copies when the DNA was spiked into 1 ng of soil DNA sample.
